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Abstract

The measurement procedures in BS EN ISO 12567-1:2000 require that the surround panel
used to measure window and door U-values in a hot box apparatus must be calibrated by
carrying out hot box measurements on two glazed calibration panels of different thickness,
each at three different temperature conditions. This report describes measurements carried out
with the NPL Rotatable Wall Guarded Hot Box (RWGHB) following these procedures, using
the glazed calibration panels TT206 and TT207, mounted in the 150 mm thick expanded
polystyrene surround panel number Rothold2. The results are presented exactly as shown in
the standard. Results are also given of a measurement carried out of a 1.48 m high x 1.23 m
wide PVCu window system that had been previously measured using a different surround
panel calibrated with these glazed calibration panels in the Wall Guarded Hot Box. The
difference between the U-values from the two apparatus was 1.8%, which is excellent

agreement, being only slightly worse than the measurement repeatability of the two apparatus
(+ 1.2%).

The draft standard prEN 12567-2 sets out measurement procedures for measuring the
U-values of Roof windows and projecting windows. That standard also requires
measurements to be made of the same glazed calibration panels but mounted in a different
position in the surround panel. These calibration measurements have also been carried out
with both horizontal and vertical heat flow. The results of those measurements are also
included in this report.
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1. GLOSSARY OF SYMBOLS AND UNITS
Symbol Physical quantity Unit
A area m?
d thickness (depth) m
F fraction --
f view factor -
h surface coefficient of heat transfer W/(m2 K)
L perimeter length m
q density of heat flow rate W/m®
R thermal resistance m’ /W
T thermodynamic temperature K
U thermal transmittance W/(m2 K)
w width m
a radiant factor --
AT, AO temperature difference K
& total hemispherical emissivity --
6 Celsius temperature °C
A thermal conductivity W/(mlK)
g Stefan Boltzmann constant W/(m2 [K4)
() heat flow rate W
w linear thermal transmittance W/(mlK)
Subscripts
Subscript Meaning
b baffle
c convection (air)
cal calibration
e exterior, usually cold side
i interior, usually warm side
in input
m measured
me mean
n environmental (ambient)
ne environmental (ambient) external
ni environmental (ambient) internal
p reveal of surround panel
r radiation (mean)
s surface
sp specimen
st standardised
sur surround panel
t total
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2. INTRODUCTION

The calibration procedures specified in BS EN ISO12567-1:Section 6.2 were used to
calibrate a expanded polystyrene (EPS) surround panel (Rothold2) using two glazed
calibration panels TT206 and TT207. The procedure requires measurements to be made on
two different thickness of glazed calibration panels, each at three different temperature
conditions. The calibration panels comprise a core of EPS sandwiched between two sheets of
4 mm thick float glass. The method of manufacture was that specified in BS EN ISO 12567-1:
Annex Cl1. The thermal conductivity of the EPS was measured in the NPL standard guarded
hot plate apparatus and the average thickness of the calibration panels were measured using a
special device built for the purpose. From these data the thermal conductance of each
calibration panel was determined.

From the data obtained from the hot box measurements on the calibration panels, three graphs
were produced. These graphs are used to carry out the following:

e Calculate the density of heat flow rate through the holder panel, including any boundary
loss around the reveal.

* Calculate the hot and cold environmental temperatures.

* Correct for the change in surface resistance that results from changing the heat flux
density, from the value used to establish the air flow conditions that produced a total
surface resistance of 0.17 (m*K)/W with the thin calibration panel, to the heat flux
density used when measuring the window.

3. THE GLAZED CALIBRATION PANELS

The thermal conductivity values of the expanded polystyrene used in the calibration panels
were taken from NPL Test Reports PP21/E01090142 and PP21/E01090090. The thermal
conductance values are taken from NPL Test Report PP31/E02020284.

4. CALIBRATION MEASUREMENTS CARRIED OUT FOR EN ISO 12567-1

The 21 mm thick glazed calibration panel was installed in surround panel Rothold2 mounted
40 mm from the warm face of the holder panel as specified in BS EN ISO 12567-1. The
thermal conductance of this panel was then measured with a warm air temperature of 23.3°C
and a cold air temperature of 2.7°C. The air speed in the cold box was adjusted to give a total
surface resistance of 0.17 £ 0.01 m*.K/W. The cold box air speed was then kept at this setting
for the rest of the calibration measurements and indeed for all subsequent window
measurements. The measurement schedule as specified in BS EN ISO 12567-1 was then
carried out on the 21 mm and the 58 mm thick glazed calibration panels. The summary
results for these six measurements are shown in Tables 1 to 6. The calculation procedures
specified in BS EN ISO 12567-1 were then used to produce the data shown in EN 12567-1:
Tables D1, D2, D3 and D4. These are shown in Tables 7, 8, 9 and 10. The three graphs
required by the standard are shown in Figure 1.



0 1o1g Do 958°CL amjeradwa) uesw punoLng|
wy'c ored qui painseauwr jou amssaxd ouraydsounyy Do 00861 dduaIayITp dursy punoring
1000 0000 %9€°0 %¥T0 0500 €00 %910 4500 €00 %L10 Gs0°0 €00 %<0 €500 6€0°0 %8€0 €900 G200 %G€0 uoneLreA|
0S0°0 8¢1I°0 T0L'T 9e¥°C 688°C €8C°CC 890°0C LILT S8LTTC 9G¥6'0C S89°C 0€9°€C 6I0FL CTI¥FY TIEP'SL 60€C9 996°C 99L°TC €€6°6L SIN[eA’AY
0<0°0 8CIL'0 8691 €E¥'C 606'C 06C°CC 850°0C 1€4T 684CC  ££6'0C 69T 0€9°¢€C €007L orr'y P81 TL1'C9 L86T 19T CTLL6L G490
0<0°0 LT1°0 0L T 9¢r'T 206T 96C°CC 290°0C LELT 664CC  8¢6'0C €0LT €¥9°¢C 020'¥1 6Cv'y 67181 92€TY 046C €94°CC vr6'6L STeeF0
6700 LT1°0 Q0L'T 6E7'C 668'C 8CTT €90°0C °eLT G€84TC  0¢6'0C 10T 1€9°¢€T SI0¥L Yiyy 621 8L LLET9 €96'C 68L°TC 16664 jgasedi]
0500 8¢L'0 669'T €EV'e 098'C 9T 180°0C ¥89'C €94T¢  196'0C 059C 119'¢c 0yl 88CY OL¥'81T 2909 6T 8€LTC 868'6L 0€:€5°CC
6700 8C1'0 €0L'T LEV'T 148°C ¥8CTT S80°0T €04T 884CC  996'0C 149T 9€9°¢T ve0vL 16€Y STy'8L 0T¥'C9 6T 864°TC 95008 67:€5:0C
(M2 (M) Orzw/m) - Oraw/m) - (o) o) o) (o) (o) (o) ) () o) (o) o) (m) (o) () (M)
%14 - HO W4H
P duray duray FRELI) ¢ 103100
PIoD 10H suelr], puod PIoD J10H mp PI°D 10H np PIoD 10H dwaj, eoepns  eoeyms  ySnomyy PI°D 10H Tomod
Q0URISISY A0LJING  [PULIDY] ~ [RULIdYL sarnjeradwa) apyeg sarnjeradwa) [eyuBWIUOIIAUY samjerndwa) a1y rlNg  plod 10H I1P9MOJ Q0eJING pUNOLING  [R}OL
£€6498°0 PIoD 1030e Ayratssiug 60 ploD 'snug dadg <60 P1oD snuy spjjeq
CTLLTO SR I0L £€698°0 J0H 1030e] Ajatssriug 60 J0H sty -adg <60 JOH 'stug afjeq SHEM 0000 uondaLI0d A1epunog
1087 (W) = MUW/M  TIEE00 I9P[OH Y W96VT0  SSIWIY3 P[OH W €96c  Idploy eary
9eL'S () H Do TVTL dway ueay wur - 20'Te 33p2 @ oL A 6hTg L uawads jo vary
[20u
0741 0000 I 6887  €8TTT a89°C 0£9'€C  TIFP  IEPST 96T  9SLTC  06¥6'6L 79600 6VCST saSeroay
gaur] ovL'L 0000 6¢C GGE606'C €06C°CC 9029969'C 9629'€C SOVY'Yv  Levv'8lL V¥¥/86'C 809.CC GC8L6L 29€€0'0 88¥¢8L GT'€S:90 C0-"ON-92
paury ovL'L 0000 €9 ¥0LL06'C 6S62°CC L¥Z8¥0LC 8CYI'E€C 9.8CY'v C6VY'8L 66696'C VE€9LCC TL96°6L 29€e0’0 88728l GTES YO ¢0-"ON-9¢
gaur] ovL'L 0000 1's 0/868'C 818C'¢C SV.LLOLC LI€9'E€C Slviy'y <¢62v'8L 9¥96°'C  €6S.CC ¥SL0°08 29€€0'0 88¥¢8L ¥C'€SC0 C0-"ON-92
gaurg ovL'L 0000 'S €€/698'C 6£92°CC PLI86YICT 90L9'€C 8/8Cv  L60V'8L V.¥VC6'T €8ELTC €8L66L 29ee0’0 88¥7¢8’L 0€:€5:ce C0-"ON-G¢
Taury ovL'L 0000 L 1/80/8'C v¥8C'2C LLECLL9'C 9€9'€C  G606EY L¥bcv'8L €SE€6°'C  €85.°CC 919008 29€€0'0 88¥¢8'L 62'€5:0C C0-"ON-GZ
SOTO'T
(m) (m) (Am) o) (o) o) (o) ) ) o) o) (m) Qw)  Cru/m)  (w)
pasn duay duray PIoD 10H ooepms  ooepms  duray duay
EEl $SO[ 198730 PIoD 10H duray dway PI°D 10H PIoD 10H wmod amssaxd puonyy — eare
Ampunog  Ampunog  Auraiq apreg argreg any my  uawnadg uowiwadg  IOp[oH  IOP[OH relo, uy IopoH uswmpadg  owm aeq
8L L1 9L SL 149 ¢l 45 1A% o1 6 8 L 9 g 14 € < 1
S¥ Gumas uey pjoD - IdqUINU IDIAIIG |aued ) paze|D 90211
/L S}OA uej JoH s+Aq padpaYd Anjua eyeq
IXLZD0T 109 swwrer3or ] MO +Aq paiajus ejeQq Zpioyioy rzoy
1-L9STT N 10J — JH [BIUOZLIOH — D€ A1e p[o) — [dued ury [, - s)msay [ d[qe],
97 WILED Hodoy TdN ¥ J0 6 93ed




11 1011 Do 16991 aamyerodwe) ueaw punoimg
Vi ad oD quu paInseaur jou aanssaxd ouaydsounyy Do FF6TL QouaIRyjIp duray punoxmng
<000 1000 %880 %LL°0 1700 €€0°0 %080 1500 1€0°0 %LY'0 500 8200 %6€0 0€0°0 ££0°0 %8¢°0 1500 €€0°0 %€T0 uonereA
670°0 6¢L'0 TIZT 09%°C O06L°0L LI8CC T80°CEL 9900 LPI'€C T189°€l O0P0'0L ICL'€C 8606 FIL'LL <¢9C°0C 9¥8°0F 6ICOL €91°€C 109CS SIN[eAAY
* * * * * * * * * * * * * * * * * * *
6700 6210 1121 9%'C 66101 8¥8'CC L60°€T ¢L001 69T°¢C  T69°CL 97001 6€L°€T L0T°6 I8T'TT L8T0T 068°0% e oL 88T°¢T L¥9°CS 0v-TevL
6¥0°0 6CL'0 8IL'1T 69%'C  S0T0L §18'ce cs0et 98001 Lel'ec  099°¢lL 290°0T [4vA >4 0806 VLUTL ¥sc0T £L06'0¥  LTTOL 8ST'€T 059'Cs 0g-cecl
0S0°0 6CL'0 €0L'T 0s¥'c €901 §E8'CT 9IT'cL Se00L 1ereec viLel 80001 cLet 9LL'6 ISTTL 99T°0C ¢SL 0y 16101 8ST'€T £TSCS 0g-ce0L
6¥0°0 6CL0 0TZ'T 65%'C 88101 818'CC 8L0°€T 19001 6E1°€C  T8YCL Se00t LILET €606 6ST'TT ¢sToT 118°0% 61T 01 96T'€T 659°CS 67°2¢80
8%0°0 6CL'0 VILT €9¥'c  ¢c6l0L 818CC £90°¢T €001 6€1°€C  L99°€L 8%0°01 9LL'cT G606 SST'TL 0sT0C 148°0% 9TT 0L gsree 1e9cs 8%:¢€:90
M2 (M) O /M) G /M) (o) (o) o) () () () o) (o) (o) o) () (M) (o) o) (M)
%14 - HO IN4H
I duray dway JIasuy 103100
PIoD 10H suei], puo) PIoD 10H p PIoD J0H Hp PIoD J0H dway  ooejms  ooepms  ySnoryy  plod 10H 1amod
Q0ue)SISaY 2DeJING [ewlIoy], [ewtay],  sarnjeradure) afjeq sarnjeradura) eyusuruoIrAUg samjeradway 1y QoeJINg PIoD 10H IaMoJ ?0eyING punoLng  [ejo],
£698°0 PIoD 1030e4 Ajatssiuy 60 pIoD sty -oadg 960 PI10D sty apjjeq
0841°0 SR I0L £698°0 JOH 103oR] Ajatssrug 60 10H ‘st -adg <60 10H "stuy apjjeq SHEM 0000  uondaLI0d Arepunog
LLT'S (g 11 MW/M  0EF€0°0 I9pIoH Y w 296¥1°0 SSIUPIY} I9P[OH W €96'C  IopoY ealy
S6L¢ ()= Do TLCI dwdy ueay ww - Z01e a8pa @ PL W 6hTg T udwdads jo vary
1204
06T'T 0000 LT 061°0T LT8TT 07001 TTLeT PIUTL 292°0C 61C0T €ree  TL09TS 0€ve00  6¥C8'T saferaay
Goury 9€L6LL 0 S0 ¥2661°0L S8¥8'CC 669S5¥0°0L S6€L'€C L08L'LL €/82°0C 8l¥Z'0L ¢C88L'€EC 9S¥9'CS €ve0°0  88¥28'L O¥ceEVl ¢00z %A ¢
paur] 25/81°L 0 60" S¥0C'0L 2SI8'¢C /8619001 9LLL'€C SPLL'LL L¥SC0C 99220l 9/SL°€C L9V9'CS €¥€0°0  88¥28L 0GCeTh ¢00c%2ac
£aur] €le6ll 0 8¢ 82€91°0L 6¥€8'¢C 6¥1800°0L €c¢cL'€c LOSL'LL €99¢°0C LO06L'OL 9/SL'€C GLESTS €v€0'0  88¥28'L 0G:CE0l 200z %2a ¢
¢aur] GE06) L 0 s 108810l 6.18°CC €80S€0°0L cZlL'€C S6SL'LL ¢ZSc0Cc L6le0L 995L'€C ¢8.5°CS €v€0'0  88¥Z8'L 6¥:CE80 200z %°a ¢
Toury 9068)°L 0 6l 80€61°0L G8L8'CC 16€8¥0°0L 8SGLL'€C €SSL'LL 20SC0C <Z9lZ 0L SSL'€C  8.29¢CS €v€0°0  88¥¢8'L 8¥:¢E90 ¢00c%2ac
SOTO'T
(W) (W) (an) 0) o) o) o) o) o) 00 0) (W) Qw) Cru/m) ()
renjoe pasn dwoy dwioy PIoD Jo0H ooejIs  adejins dwoy dwey
sso[ SSO[ 19S50 PIoD 10H duroy duey PIoD 10H PIoD J0H ramod amssard ‘puopyl  eare
Aipunog Arpunog  Auraiq apyred apgred any Iy uawadg uswiadg 1epjo  18p[oH e, uny Iop[oy uawiadg  awm areq
18 LT 91 ST j48 €L <l A% o1 6 8 A 9 < 14 € [ 1
1374 Sumas uey prod *rIaquINu IDIAIG |oued uoneuqijed uiy
/ S}[0A Uej 10 -+£q paddayd Anua eyeq
IXLZO0T 10  swwerdorg MOY *Aq parayus vreQq Zpioyioy 720y

1-L9STT NA 10J — AH [BIUOZLIOH — D0 A1e poD — [dued uiy [, - s)nsay 7 dqeL

9T IWILED Hodoy TdN ¥ J0 01 93ed



£0-

JoLug

97 W1L9D Hodoy TdN

Do IFLS amjeradws) ueaw punoing|
16€C ored qu painseaws jou amssaid suraydsouny Do TIS'ST douarapyp dure) punoxmg
7000 0000 %C0'T %180 9LT0 6000 %690 80T°0 100 %990 91T0 200 %<CL0 Y410 6200 %290 9910 €200 %080 UonerreA
0<0°0 LCT°0  TL9'L  PLET TET9- €ELTT  6C6'8C SLV'9-  €9PCC  TET0E 8199~ PI9'€C SSE°0C LPOF- LOE9L 861'88 SIL'9- L6€TC SE0°CLL SON[eA AV
* x * x x * * x * * x x * * * x x * *
€800 4210 8991 9¢T  1I€9- €EL'TT 050°6C $09'9- 9Fr'cT  9ST0e LS99 665°€C  89€0C  ¥SOF- P1e9t 86848 1919~  /8C¢TC  S94TIL 8G:61€C
1500 yranil SL9'1 ¥8€C  9¢€19- €eL'TT 198°8¢ 96€°9- qev'cc  LS0°0€ 1v'9- 919°¢T 14T0T 396'¢c- L1€91 161°88 866'G- 86€'CC £T6TLL 20:0T°1C
6700 yrany V.91 94T 91T9- L2L1T 068'8C 6E¥'9- 1s¥'cc  860°0€ LLY'9- [44 X4 €5€°0C L8907 L6C9L YE€C88 0LT'9- L6€°TC £90°CLL 6S:61:6L
0500 £L21°0 €491 vLEC  TTTY- aeL’1te L68'8C a9 9¢¥'¢cC  060°0¢ 64%'9- 119°€C €9¢€°0C V0¥ 61E9L j4at] [44%N ¥6€'CC 180°€TL S0:0TLL
6700 yrany V.91 VLET  SLTY- 9¢L'TT GS6'8C L6¥'9- 8G¥'cC  8S1°0¢ 7e€99- €9t 81¥'0C 8¢y 06C9L a4t <919- 0T¥'cc c€ecell <0:0C:SL
(M) (/) Orawr/m) Orzw/m) - o) o) o) o) o) o) o) o) (o) (o) o) (M) o) (o) (M)
%1d - HO WAH
p duwray duray FRERN | I0J10D)
PIoD 10H suer], puo) PIoD 10H Bp PIoD 10H Bp pPIoD 10H dway,  ooepms aoeyms  ySnonyy PIoD 10H Tomod
20UR)SISAY A0LJING [PWIAY], [ewray]  samjeradwa) afyeq sanjeraduua) [eIUSUIUOITAUY samjeradwa) a1y 3deyINg PIoD 10H IoMoJ 90BJING pUNOLING 1eiol,
£€698°0 PI0D Iope] Anarssiuy 60 PIoD ‘st dadg 960 PI0D sty apyeq
VLLT0 SY 101 £€698°0 J0H 10308, AjIAIssiug 60 J0H "snug -oadg 960 JOH ‘st dpjzeq SHEM 0000 01221100 Arepunog
9cey (W) H MW/M  062€0°0 WPIOH Y W 296510 SO L9P[OH W €96 Iop[oy eary
LY9'S ()1 Do €19 dway ueay wuw 701z 28p2 @ L W Ghgg T uswpads jo eary
T
129'C 0000 e €Ty €eL'1C 8149~ v19'¢C LY0Y- £0€91 SIT9- L6€TT 8SF0ETL 06C€00  6¥C8'1 saferaay
gaurg 2€9C 0 L0 LLLLE9- €eL L 10969999~ 166G EC LZYSOv- 8ELE9L  L909L'9- L98€CC 089.7CLL 62600 88¥C8°L 8S6L:€C 200Z %8d v
paur] Sl9C 0 14°] G9SEL'9- 9TEL’LC €LY8OYY'9- 6G19°€C C¥S6'S- LLLE9L 12866°G- LL6ETC SOV6CLL 162€0'0 88¥Z8'L 20:0¢'iT ¢00¢ %2d v
gaury 619C 0 4] L/S12°9- 2lZl'lC 8¥ZSALY'9- 6L29'€C 89S0V~ G96C°9L €660L°9- ¢L6€CC 9S80°ChL 62€0'0 88¥28’L 6S6L6) ¢00¢ %2d v
caur] 819¢C 0 20 991229~ €6€L°LC 19806.%'9- CLL9'€C L¥EVO'V- LB6LE9L 86L¥L'9- LE6ECC ¥080°CLL 62€0'0 88¥¢8’L G0:0CLL ¢00¢ %2d v
Taury ¥29'C 0 [4 61G/2°9- 29clL’lC CL¥ES'9-  PECO'EC ZZ8CL'Y- L06Z9L 9Y9L'9-  L¥'TC £€8yeeLL 62€0'0 88¥¢8’L <20:0CSL ¢00¢ %2d v
SOT0°T
(M) (M) (An) o) o) (Do) o) (o8] (o8] o) o) (m) (qu)  Orw/m) W)
renyoe pasn dway duway PIoD J0H ooeyms  oaoeyms  dwey duey
$SO[ $sO[ 198150 PIoD 104 duoy durey PIoD J0H PIoD 104 amod  amssard ‘puoyyy  eare
Ampunog Arpunog  Auraig apeg afyeq iy Iy uawpadg uowadg 1Bp[OH  JOP[OH] Telor uy Ioploy uawdadg awn areq
8L L1 91 ST Vi (38 4 11 0L 6 8 L 9 S 14 € C 1
i Sumjas uey prod “I2qUINY 3IAISG ZPIoy0Y Ul 90Z1 1,
/ S}[OA uej J0H =+ Aq paddaYd Anud eleq
IX1L /90T 1LOY sunuer8or ] MOY +Aq parajua eyeq Zpioyioy NZ0Y

1-L9STT NA 10§ — AH [BIUOZLIOH - D,$°9— A1 p[o) — Pued ury [, - s)nsay € dqeL

¥ Jo 11 93ed



8T Io11q Do TTSEL arnjeradwa) ueaw punoLng
890 ored qu painseaws jou ainssaxd onaydsounyy Do €90°61 souaIayyp dursy punormng|
€000 1000 %90T %80T  TE00 9100 %810 ¥S0'0 6100 %6T0 LS00 6100  %0T'0 8200 €200  %ITT %200 6100 %90 uonerres
9%0°0 0€T0 P90 8€9°0 9¥8°€ LBIL'E€C TI€9'6L TPLE €LEEC 66661 0€L€C 8CLET LVILL LSTY T06'IC 8PS'0C 066'C TS0'€C 9LS°LE SIN[EA’AY
9700 0€T°0 LLS°0 90 TS8'E €61°€T €€96L  LPLE I8€°€C 66661  SEL€ VeLeT  THYLL  L9TF 606TC  GL90C  000F 8G0'€C  869'LE 8C:TH€0
500 0€T°0 aLg0 6€90 LS8'€ g6T°€T 96T TLLE €8€°€C  LL6'6L  TILE 6€L€C  1S9LL  9TY SI6TC  LLS0T  ¥66'€ €90€C  T19'LE TSI 10
9%0°0 0€T'0 €L9°0 8¢9'0 0¥8'¢ 981'¢cC 17961 1eLe ¢LECC  L000C  8ILE 9cLeC €991 18Ty Y06'1C  9¢90CT  9L6'C 6¥0'¢cT €LSLE 8G-1¥+¢C
9%0°0 €10 148°0 9€9'0  €98°¢ 081'¢C vco'6L wLe Q9C'eT  €66'6L 8TL'E 12L€C 9¢9L1 wQITY 868'TC  9V¥V'0C  L66'C 8¥0'¢cT €' LE ¢S Iv1e
9700 1€1°0 TS0 690 ST8E 6LT€T L7961 8ILE $9¢€C 9100  SOL'€ TTLEC €991 6€TT 68T 90S0C  T86'E ¥Wo€C  eegLe LETH6T
(M) (M/2w) OTwr /M) T2 /M) (Do) (Do) (o) () (D) (Do) () () o) (o) (D) (M) o) (O8] (M)
%14 - HO WIH
Ip duway duway JIasu 103100
pPIoD 10H suei], puoD pPIoD J0H Hp pPIoD o4 p pPIoD o4 dwa]  ooepms  odeyms  ySnompy  pod J0H ramod
Q0UR)SISaY] Q0LJING [PWLAY] [ewdy]  sarnjerodura) sfjyegq samjeraduwa) [eJUSWUOIIAUY sarnjeradurey a1y soejING pPI°D 10H IoMOJ 90BJING PUNOLING  [e}O],
£658°0 pIoD 101de Ajtassiug 60 pIoD “stuig -%adg S96°0 PI0D sturg apjjeq
1941°0 SaY 0L 6980 10H 10308 AjIAIssiug 60 JOH sty 2dg <60 J0H 'stury apjjeq SHEM 0000  uonoaLIod Arepunog
[44:57 (W) 11 MW/M  €L£€0°0 I9PIOH W /96VT'0  SSOWPN IP[OH W €96°C  I9p[oy eary
7S8'G ©) = Do 80°€L dursy ueay ww y/LS 38pa @ PL M ThrgT  udwiads jo eary
HE0N
9890 0000 7T 9r8'e  /8L'E€C 0SL€  STLET  LSTY  W06TC  066'€  TSO'EC  8€8S°LE €L8€00  THIS'T saferaay
gaury 9890 0 Gl /90268 6Z6L'€C LLIBYEL'S 6EEL'EC 8899C'V 606'LC Z6666'C 6.G0°€C 9£0L'L€ €€€0'0 GL¥Z8'L 8S'L¥€0 20-98Q-€C
Paury 9890 0 8¢ 6//9G8°€ LG6L'EC 8S6L9L°€ €6EL€C E€VICY  VGL6'LC 69€66'€ L290°€C 80C9'LE €.6€0°0 GI¥Z8'L ¢Syl 20-99Q-€2
gaur] 9890 0 L€ GLeovs'e L98l'ec /[98¥8LL°€ 9GCL'€C ¥80SC'V LY06'LZ €95.6'€ L6Y0'€C G985'LE €600 GI¥Z8'L 89lvee ¢0-99Q-2¢
zour] 9890 0 L'0- LOLES8'E 8L'€C  8.G//TL'€ TITLET LOZ9TYV 868'LlZ  €LUI6B'E 9LYO'EZT E9VLE €L€€0°0 GLyes'L 2Slvile 20-99Q-2¢
[aury 9890 0 e 1G2ST8'€ ¥6LL'€C 6€88Y0L°€ L0CL'E€C 8E€6ECY <CC68'LC 98L86'€ 6EV0'EC LSYVS'LE €.6€0'0 GL¥Z8'L /LS'Lv6l 20-99Q-2¢
(m) (M) (Am) (o) (O8] (ON) ) (ON) (ON) (ON) (o) (M) Qu Oru/m)  (w)
enjoe pasn duray dwoy PIoD 104 ooepms  aoeyns  dwey dwoy
EE EE 19O pPIoD o4 dway dway pPIoD o4 pPIoD 10H ramod amssard ‘puop vyl  eare
Ampunog Arpunog  Auraig areq agreq ny ny  uswadg uswadg I9p[ol  I9p[oH [elol wy Iopoy uswmadg  awm aeq
8T L1 91 ST i1 €1 [48 |4 0T 6 8 L 9 S i € 4 I
114 Surpas uey pod **IqUINU IDIAIIG L0ZL11 |[aued uoneaqijed
/ S1]0A UeJ JOH e Aq padPIYd Anud ejeq
IXLZD0T 10d swweI3ol ] MOY £q pardjua eje(q cpIoyioy HEON

97 W1L9D Hodoy TdN

1-L9STT NA 10§ — AH [BIUOZLIOH — D b A1 P[0)) - [Pued YOIy, - HNSY p d[qeL,

¥ Jo 1 93ed



6T J01I9 Do 69T amjeradwa) ueaWw punoLng
G99°0 ored qur paimseawr Jou ainssaxd ouaydsouny Do 0SL7TT douaIayjIp dwa) punorng
€000 1000 %8V’ 1 %1ST 1800 0200 %890 ¥80°0 200 %CL0 800 200 %CL0 2600 €200 %480 1110 ¥20°0 %1€0 uoneLeA
9%0°0 6210 0890 SP9'0 9SP'OL ¥8E'€C TCL'EL P8EOL 60S°€C 69€€L SGLEOL SPL'ET LS8LTL LELOL ¥TSTC 8L8'€L LPS'OL L6T'€C PLV'ST SIN[eAAY
9%0°0 6210 €890 6790  98¥0T £€8€'¢T S60°cL Iy 01 809'¢cC  8¢E¢Cl ¥0¥'0L Iw2€C 09411 V9401  ¥29CC  ST6'Cl ¥8S0L 96T'cC  L8Y'SC CO-10°TT
9%0°0 6210 850 1990  10<°0T 08€'¢T 0£0°¢T qQev ot Q0e'ec  €IECl LTV 0L ovLec QEL'TL 980T  619TC  <Se6'cl 0T9'0L ¥6T'¢C ¥4 414 90-10:60
L¥0°0 0cT’0 8450 7990 ¥EVOT £€6£'¢T 09T°¢L 6S€°0L 61S°¢C  607'CL 0S€'0L 684°¢C  VISTL  0CL0L  ¥eSTC  €L8¢Cl €IS0L 80c'¢cCc  019'SC TT-T0:£0
<¥0°0 010 2490 90 0Cr oL €LEET Lyrel 16€°0L Lev'eC  geLel reoL qeL’et 618'LL 26901 clece er8el 66701 8 e 12¥'qC G0-10:C0
L¥0°0 0cT’0 9480 1790  8cv 01 06€'¢T 0ST'CL 79¢'0L yieee  vecel eeoL 6vLcc  OI8TL  CCL0L  TeSTC  <I8¢Cl 0€S'0L €0€'¢T 1ev'ac 60-10-€0
(M) (M) Oraw/m) Oz /M) (o) o) [CH] o) o) o) o) o) o) o) (o) (M) o) o) ()
%14 - JO IW4IH
P dway dway JIasuy 103100
pIoD 10H suel], puod pIoD 10H p pIoD 10H Jp PI°D j0H dwa] edepms odeyms ySnomp  prod 10H ramod
9JURJSIS9Y] 9deLING [eULISY], [eulIay], mmhﬂﬁﬁhwnﬁawu\ o[jreq mmhﬂzﬁhw&aw« TeruawruoIIAuUyg me—\EN.HQQEMw Iy aderng PIoD JOH J9MOJ 9deJINgG puno.rmg Teior,
€658°0 pIoD 103de Ajratssiug 60 proD sty oedg <S6'0 PI0D sty apjjeq
L8210 S 10L £698°0 JOH 1030e] Ajrarssnug 60 joH ‘snug oadg <60 J0H "stury apjyeq SHeM 0000  UOHdRLIOd Arepunog
LTS (W) 15 MW/M  FEFE00 I9p[OH Y w 296¥1°0 SSIUWII} IDPJOH €96'c  Toploy eary
088° ©)H Do €991 dwa} ueay W pLLG 38pa @ PIL Treg'1  udswdads jo eary
€0y
01¥'0 0000 [k 9¢¥°01 ¥8¢'¢C GLe01 avLeT JAYA ) yeace LYS0L L6C°€C  896€£°SC yere0'0 T’ sagerany
gaury 340] 0 9'¢e- €€G8Y'0L 2e8e'eCc PY09e0v' 0L Zlvl'€C 8LYy9L°0L €292 GE8S0L €962'€C LVOv'Ge GEVED'0 GL¥Z8'L <2O:L0-LL 20-990-8¢
poury (3 40] 0 L'6L- 9010S°0} 208€'€C 6.99¢+'0L 96€L°€C ¢CSP8L°0L 615CC 86090l V62'€C 8LOY'SC GEYED'0 GL¥Z8'L 90:10:60 20-98Q-8¢
gaury 340 0 L'e 2¢SEEY'0L 626E€'€C 9€96VE0L /[8SL°€C LE0CL'0L ¢C¥eS'ec 62150l €80€€C GleEy'Se YEVE0'0 GLve8'L L1:L0:20 20-990-8¢
qaury 340] 0 §'9¢- 9e0¢y'0l 8cZlE'€C €Cre0lL 16€L°€C L1269 0L 9L1GC¢ /86¥V'0L 6€£82°€C 9v.LE'SC YEVE0'0 GLvZ8'L G0:10:S0 20-990-8¢
Taury 3 40] 0 S9l- €8Ey'0L 6E°€T €2eYSE 0L 88¥L°€C L02CL0L 2TESCC €0€S0L Leoeee vllgse YEYE0'0 GL¥Z8'L 60:10:€0 20-98Q-8¢
(M) (M) (An) ) (O8] (O8] ) (O8] (O8] (O8] (ON) (M) Q) Cru/m)  (w)
[enoe pasn dwiay dway PIoD 104 ooeyms  ooepns  duray duay
sso[ sso[ 19sJI0 PI1oD 10H dway dway PIoD 10H PIoD 10H ramod amssard ‘puopy] ~ eare
Apunog Arpunog  Auraig afyeq apgeq Iy Iy uswpadg uswiadg IOp[OH]  JOP[OH  [€10], uy  WpoH uswiadg  owmn areq
8T L1 91 <t 14 (38 [45 11 0L 6 8 L 9 q 14 € < L
F Sunes uey pod “-I9qUINU AIDG Zpioysoy u1 L0ZLL
/ S}[OA uej J0H £q paxdaYd Anjua eyeq
IXL/ZO0T 109 owuerdorg MO “Aq parajua ere(q TPIoyIoy reod
1-L9STT N 10J — AH [BIUOZLIOH — D01 1€ p[oD — [dued YOIy L, - SHNSRY S d[qe ],
97 WILED Hodoy TdN ¥ Jo €1 o3ed




[ 10L1g Do 090°6 amjeradwo) uesw punoring
1590 oreD qu paansesur Jou amssaxd sueydsowyy Do 00§42 souaropp dwey punowng|
€000 100°0 %020 %020 €010 6200 %8€0 S110 ST00 %8€0 LIT°0 ¥200 %CE0 600 0€0°0 %990 L0T°0 S€0°0 %1¥'0 uogeLIRA
8700 €10 89G°0 TE€9'0 TEVT- 198°CC OCL'8C ¥86'F- 9€L'€C 899'8C T00°S- LS9'€C 99T°SC 6ICTH LVO'TC 9€T'6C 069F O0ILTC ST0ES SIN[EA AV
£¥0°0 1€T0 0450 6€9°0 0C8¥- 1¥8°CC 980'8¢C 9961~ 0CL'€C  ST98C  T86'F- (SR S A T i 8C0TC  6IT6C  TLSY- 889CC  T90°€S 91:G¢'80
6¥0°0 1€T0 9950 1€9°0  688F- 098'CC £81°8C €80°e- PEL'EC  9TL8T  TLOG- [ YA (X rANN. VA o ¥P0TC  6116C  SP9P- 804TC  S¥0'€S 81:G€:90
6700 0€T°0 6950 €90 0S8~ €98'CC €GT'8T y10°¢- 0FL'€C  0698C  TLO'G- 8G9°CC  SLTST  VITY 160'TC  ¥eT6C 909 €ILTC  0€T'es €TEEF0
L¥0°0 1€T0 £95°0 0€9°0 ¥187¥- 08Tt S60'8C 1967 SPI€C  TE€98C  S96F- £99€C  Q9TST  LOTH 8G0'Tc  Th0O'6C 888GV~ LT 1668 §T6ET0
8%0°0 1€T0 £95°0 1€9°0  98L%- 698'CC 080'8¢ 867~ hliec L198C vS6'P- €99'¢C  geTsT 0811 S0'TC  £90'6C  8ESP- 0cLce  016CS 12:S€:00
(M) (M) O /M) (/M) (00) o) (o) o) o) (GN 00 00 (o) o) o) (M) o) o) W)
%14 - JO WIH
Ip dway duy J19sU] 10J10D)
pIoD JoH suei], puo> PIoD J0H Hp PIoD JoH Hip PIoD JoH dwo]  ooepns  ooepns  ySnoryy  plod 104 1amod
Q0URISISAY A0BJING [PULDY] [ewrdy] — sarnjeradwo) apyeg sarnyeradura) [eJUSWUOIIAUY samjerodway Iy oeymMg  prod JoH I9MOJ Q0BJING puUNOLING  [eI0]
£658°0 pI0D 10308 Aarssturg 60 pIoD sty dadg S6°0 PI0D stwry apgzeq
L8LT°0 SY 0L £658°0 10H 10328 Ajrarssnug 60 J0H sty -dadg S6°0 JOH 'Sy djjjeq SeM 0000 uonda1Iod Arepunog
T6€Y () 1 MW/M  €0€€00 I9p[oH Y w9610 SSIWIIY} IOPJOH W €96’ IPP[OY eary
028's ()11 Do 1¥8 duusy uespy W pL/G 38pa @ P W gheg T uduidads jo eary
ME0U
€860 0000 6T e 198°CC 100G L89€C 61TV LVOTT  069F-  0I4CC  0920°€S €0€€0'0  TFC8'L saferany
Gaury €86°0 0 € L2028y~ LL¥8CC LL6L86'Y- SEVI'ET LSTLTY- L8ZO'LC LL0LS'Vv- 1189CC €L0°€S €0€€0'0 SLve8’L 91:GE80 €00C uer g
paury €860 0 8'G 816887~ 98CC 961120'G- GG9'€C €LLLTY- 8EVO LT L6VYI¥- 80LCC  9G90°€S €0€€0'0 SL¥e8’l 81:GE90 €00C uer ¢
gaury €860 0 S0 €058y~ 8C98'CC 960C€0'S- 8G9'€C  L¥PZev- L0S0°'LZ 8509V~ GZLLCC 9LEL'ES €0€€0'0 SL¥e8'L €T:SEY0 €00Z uer g
zaury €860 0 € LIPL8'y- 8698°CC 9CLS96'v- ¥.99'€C L690C¥- 6.S0°LC 8Z88S'v- ¥2CLTC Slv6'CS €0€€0'0 SL¥e8’l G2:§e0 €00C uer ¢
Taury €860 0 144 2298y~ 8898'CC 80CYS6'¥- LE€99'€C 9S6/L°v- 8€SO'LZ €L.E€SV- 66LLCC G8L6'CS #0€€0°0 SL¥28’L 12:SE00 €00C uer ¢
(M) (M) (An) (GN) o) o) 00 00 00 (o) o) (M) Qu) Orw/m)  (w)
Tenjoe pasn dwoy dway PIoD 104 adeyms  doeyns dway dway
SSO[ SSO[ 19sJJO PIoD j0H dway dway pIoD 104 PIoD joH mod  amssaxd ‘puopyyl  eare
Arpunog Arpunog  Auraiq apgeg apyeg iy ny  uswioadg uswoadg IOp[OH  IOP[OH  [eI0L ‘uyy  poy uswipadg  awmn areq
8T L1 9L <l 14 €L cl 135 0T 6 8 /A 9 q i4 € < 1
8y Sumes uej pod “I2qUINU DIAIIG ZPIoyloy U1 20Z11
/ sj[oA uej JoH £q pacydayd Anjus ereq
IXL D07 109 swurer301] MOY “+£q parajud ee( cbioyioyd MEON

1-L9STT NA 10§ — AH [BIUOZLIOH — D, S— A1e P[0D) — [Pued YOIy, - HNsY 9 d[qe],

9T IWILED Hodoy TdN ¥ JO 1 93eq



Page 15 of 44

NPL Report CBTLM 26

Table 7 - Measured values of TT206 and TT207 —(Table D1 in EN 12567-1)

Measured values

Thin panel TT206

Thick panel TT207

d  overall thickness m 0.02102 0.05774

A area of panel m? 1.8249 1.82415

Ssur  area of surround panel m? 3.96272 3.96345

A; hot box metering area m’ 5.7876 5.7876

L  perimeter length m 5.42 5.42

Test number 2 1 3 5 4 6
Cold temperatures

0. air °C| 10.04 2.68 -6.52 10.38 3.73 -5.00
Bscp baffle °Cc| 10.19 2.89 -6.23 10.46 3.85 -4.83
Bsecal Calibration panel °C| 11.16 4.41 -4.05 10.74 4.26 -4.22
B.p reveal surface °C| 10.32 3.1 -5.93 10.53 3.96 -7.34
Bsesur surround panel °C| 10.22 2.96 -6.12 10.55 3.99 -4.59

Warm temperatures

6, air °C| 23.72 23.63 23.61 23.74 23.73 |23.6574
Bsip baffle °C| 22.83 22.28 21.73 23.38 23.19 |[22.8605
Bsical calibration panel °C| 20.26 18.43 16.31 22.52 21.90 |21.0469
B, reveal surface °C| 21.75 20.72 19.60 22.91 22.46 21.75
Bsisur surround panel °C| 23.16 22.76 22.40 23.30 23.05 [22.7101

@, input power W 52.60 79.93 | 113.03 | 2547 37.58 |[53.0154

v; air flow warm side (down) m/s| 0.1 0.1 0.1 0.1 0.1 0.1

Ve  air flow cold side (up) m/s| 4.1 4.1 41 4.6 4.6 4.6
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Table 8 View factor calculations - (Table d2 in EN 12567-1)
Values resulting from mounting instructions Remarks Thin panel Thick panel
TT206 TT207
Total thickness of the calibration panel mm - 21.016 57.738
Total thickness of the surround panel mm - 149.67 149.67
Surround panel reveal depth - warm side mm - 40 40
Surround panel reveal depth - cold side mm - 88.65 51.93
Thermal conductivity of the surround panel W/(m.K) EOQ 0.0336 0.0337
Emissivity of the calibration panel 0.88 0.88
Emissivity of the reveal 0.92 0.92
Emissivity of the baffle 0.95 0.95
Wegge fOr A = 0.0334W/(m.K) W/(m.K) Table B.1 - 0.00636
Warm side view factors fopi Table A1 0.944 0.944
Topi Table A.1 0.0472 0.0472
fopi equation (A.11) 0.056 0.056
Topi equation (A.11) 0.056 0.056
fobi equation (A.12) 0.4764 0.4764
radiant factors Ol gpi equation (A.8) 0.7910 0.7910
Ogpi equation (A.9) 0.04765 0.04765
Cold side view factors fope Table A1 0.8809 0.92832
Tope Table A.1 0.1043 0.06017
fope equation (A.11) 0.1191 0.0717
Tope equation (A.11) 0.1191 0.0717
Tove equation (A.12) 0.4478 0.4699
radiant factors Ogpe equation (A.8) 0.7400 0.7783
Ocpe equation (A.9) 0.10149 0.06100

Table 9 Thermal resistance of surround panel — (Table D3 in EN 12567-1)

Data element Remarks Thick panel TT207

Temperature difference air AB, K - 13.3694|19.9985( 28.6583
Temperature difference surface, surround JALS A K - 12.7501]19.0626 | 27.2996
Temperature mean surround Ome.sur °C - 16.92 13.52 9.06
Heat flow rate into the box D w - 25.4741(37.5757(53.0154
Heat flow rate through the calibration panel Dy W equation 9 14.2932(21.1381(29.7741
Heat flow rate around perimeter Dedge w equation 10 0.46086(0.68937(0.98789
Power through surround panel (®j, - g - Pegge) Dgyr w 10.72 |15.7482|22.2533
Thermal resistance of the surround panel Rsur (m*“.K)yW equation 8 4.7140414.79759(4.86222
Optional check with thermal conductivity data

Temperature mean surround Ome,sur °C 16.92 13.52 9.06
thermal conductivity of surround @ Bpme sur Asur W/(m.K) 0.0343 | 0.0337 | 0.0330
Thickness of the holder panel dsur m 0.14967(0.14967|0.14967
Thermal resistance of the surround panel Reur(check) (m’.Kyw 4.35804|4.43709(4.53121
Difference in resistance -8.1687 | -8.1249 | -7.3051
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Figure 1 Surround panel resistance, convective fractions and total surface resistance

Figure D1 Surround panel resistance
vs Surround panel mean temperature
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Figure D2
Total surface resistance vs Density of heat flow rate
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S. CALIBRATION MEASUREMENTS AS SPECIFIED IN prEN 12567-2

To enable measurements to be carried out as specified in prEN 12567-2 “Thermal
performance of windows and doors — Determination of thermal transmittance by hot box
method — Part 2: Roof windows and other projecting windows”, further calibration
measurements have to be carried out. The results from the thick glazed calibration panel
TT207 can be used to derive the surround panel thermal resistance (Ry,) but additional
measurements are required with the thin calibration panel mounted flush with the cold face of
the surround panel. From these measurements, the convective fractions will be derived. No
correction is made to compensate for the changing total surface resistance value in the part 2
procedures.

The 21 mm thick glazed calibration panel was installed in surround panel Rothold2 mounted
flush with the cold face of the surround panel as specified in prEN 12567-2. The thermal
conductance of this panel was then measured with a warm air temperature of about 23°C and
a cold air temperature of about 3°C. The air speed in the cold box was adjusted to give a total
surface resistance of 0.17 + 0.01 m?.K/W. The cold box air speed was then kept at this setting
for the rest of the calibration measurements and indeed for all subsequent window
measurements to prEN 12567-2. The measurement schedule as specified in prEN 12567-2
was then carried out on the 21 mm thick glazed calibration panel. These measurements were
first carried out with horizontal heat flow and then repeated with vertically up heat flow.

The summary results for the three new measurements on the thin panel, with horizontal heat
flow, can be seen in Table 11, Table 12 and Table 13. The calculation procedures specified in
prEN 12567-2 were used to produce the data shown in Tables C1, C2, C3 and C4 of prEN
12567-2. These tables are shown in Table 17, Table 18, Table 19 and Table 20 of this report.
The two graphs that are required to determine the U-values of roof windows as specified in
prEN 12567-2, using horizontal heat flow, are shown in Figure 2.

The summary results for the other three new measurements on the thin panel, with vertically
up heat flow, can be seen in Table 14, Table 15 and Table 16. The calculation procedures
specified in prEN 12567-2 were then used to produce the data shown in Tables C1, C2, C3
and C4 of prEN 12567-2. These tables are shown in Table 21, Table 22, Table 23 and Table
24 of this report. The two graphs that are required to determine the U-values of roof
windows, as specified in prEN 12567-2, using vertically up heat flow, are shown in Figure 3.
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Table 17 prEN 12567-2 Table C1 - Horizontal heat flow

prEN 12567-2 Roof light and Projecting Windows calibration - Horizontal heat flow
Thin panel TT206 Thick panel TT207
Measured values Horizontal heat flow Horizontal heat flow

d  overall thickness m 0.02102 0.05774

A area of panel m? 1.8259 1.82415

Ssur  area of surround panel m’ 3.96166 3.96345

A; hot box metering area m’ 5.7876 5.7876

L  perimeter length m 5.42 5.42

Test number 2 1 3 5 4 6
Cold temperatures

0. air °Cc| 10.11 2.93 -3.97 10.38 3.73 -5.00
Bscp baffle °C| 10.23 3.12 -3.74 10.46 3.85 -4.83
Bsecal Calibration panel °C| 11.18 4.58 -1.82 10.74 4.26 -4.22
Bsp reveal surface °C| 10.29 3.25 -3.35 10.53 3.96 -7.34
Bsesur surround panel °C| 10.29 3.25 -3.53 10.55 3.99 -4.59

Warm temperatures

6, air °C| 23.67 23.59 23.48 23.74 23.73 |23.6574
Bsip baffle °C| 22.84 22.35 21.87 23.38 23.19 |[22.8605
Bsical calibration panel °C| 20.24 18.47 16.82 22.52 21.90 |[21.0469
B, reveal surface °C| 20.99 21.15 20.19 22.91 22.46 21.75
Bsisur surround panel °C| 23.20 22.89 22.56 23.30 23.05 [22.7101

@, input power W 53.04 80.03 | 105.73 | 25.47 37.58 | 53.0154

v; air flow warm side (down) m/s| 0.1 0.1 0.1 0.1 0.1 0.1

Ve air flow cold side (up) m/s| 4.1 4.1 41 4.6 4.6 4.6
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Table 18 prEN 12567-2 Table C2 - Horizontal heat flow

prEN 12567-2 Roof light and Projecting Windows calibration - Horizontal heat flow
Values resulting from mounting instructions Remarks Thin panel |Thick panel TT207 -
TT206 Results from
Horizontal EN 12567-1
heat flow calibration
measurements

Total thickness of the calibration panel mm - 21.016 57.738
Total thickness of the surround panel mm - 149.67 149.67
Surround panel reveal depth - warm side mm - 128.65 40
Surround panel reveal depth - cold side mm - 0.00 51.93
Thermal conductivity of the surround panel W/(m.K) EO 0.0337 0.0337
Emissivity of the calibration panel 0.88 0.88
Emissivity of the reveal 0.92 0.92
Emissivity of the baffle 0.95 0.95
Weage fOr A = 0.0334(W/(m.K) W/(m.K) - 0.00636
Warm side view factors fepi Table A1 0.8338 0.944

fopi Table A1 0.12535 0.0472

fopi equation (A.11) 0.1662 0.056

Topi equation (A.11) 0.1662 0.056

Tobi equation (A.12) 0.4373 0.4764

radiant factors Olgpi equation (A.8) 0.7019 0.7910

Olgpi equation (A.9) 0.1415 0.04765
Cold side view factors fobe Table A.1 1.0000 0.92757

fope Table A.1 0.0000 0.06070

fope equation (A.11) 0.0000 0.0724

fope equation (A.11) 0.0000 0.0724

fobe equation (A.12) 0.5000 0.4697

radiant factors Ogpe equation (A.8) 0.8360 0.7777
Ocpe equation (A.9) 0.00000 0.06165
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Table 19 prEN 12567-2 Table C3 - Horizontal heat flow

prEN 12567-2 Roof light and Projecting Windows calibration - Horizontal heat flow
Thick panel TT207 -
Results from EN 12567-1
Remarks calibration measurements
Data element
Temperature difference air AB, K - 13.36937(19.9985|28.6583
Temperature difference surface, surround DB g K - 12.75009119.0626 | 27.2996
Temperature mean surround Ome sur °C - 16.92 13.52 9.06
Heat flow rate into the box (o) W - 25.47405(37.5757|53.0154
Heat flow rate through the calibration panel Dy w equation 9 14.29322(21.1381|29.7741
Heat flow rate around perimeter Begge W equation 10 0.460858 [ 0.68937|0.98789
Power through surround panel (®j, - ®cy - Pggge) Dgyr w - 10.71997 [ 15.7482|22.2533
Thermal resistance of the surround panel Rsur (m*Kyw equation 8 4.714037 (4.79759|4.86222
Optional check with thermal conductivity data
Temperature mean surround Ome sur °C 16.92 13.52 9.06
thermal conductivity of surround @ 6 sur Asur W/(m.K) 0.0343 | 0.0337 | 0.0330
Thickness of the holder panel dsur m 0.14967 |0.14967)|0.14967
Thermal resistance of the surround panel Rsur(check) (m*Kyw 4.358043|4.43709|4.53121
Difference in resistance -8.16867 | -8.1249 | -7.3051
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Figure 2 prEN 12567-2 Graphs C1 and C2 - Horizontal heat flow

Figure C3 - EN 12567-2
Thin panel flush with cold side - Horizontal heat flow
Convective fraction vs Density of heat flow rate
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Figure C1 - Thick panel - 40 mm from warm surface
Surround panel resistance vs mean temperature
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Table 21 prEN 12567-2 - Table C1 - Vertically up heat flow

NPL Report CBTLM 26

prEN 12567-2 Roof light and Projecting Windows calibration - Vertical up heat flow
Measured values Thin panel TT206 Thick panel TT207
d  overall thickness m 0.02102 0.05774
A area of panel m? 1.8259 1.82415
S+ area of surround panel m’ 3.96166 3.96345
A; hot box metering area m’ 5.7876 5.7876
L  perimeter length m 5.42 5.42
Test number 2 1 3 5 4 6
Cold temperatures
0. air °C| 9.99 2.69 -4.23 10.38 3.73 -5.00
Bsep baffle °C| 10.12 2.88 -4.00 10.46 3.85 -4.83
Bsecal Calibration panel °C| 11.14 4.43 -1.92 10.74 4.26 -4.22
Bsp reveal surface °C| 10.18 2.99 -3.82 10.53 3.96 -7.34
Bsesur surround panel °C| 10.18 2.99 -3.82 10.55 3.99 -4.59
Warm temperatures
6, air °C| 24.15 24.09 24.01 23.74 23.73 | 23.6574
Bsip baffle °C| 23.32 22.87 22.44 23.38 23.19 | 22.8605
Bsical calibration panel °C| 20.61 18.88 17.29 22.52 21.90 |21.0469
Bsp reveal surface °C| 22.44 21.57 20.76 22.91 22.46 21.75
Bsisur surround panel °C| 23.74 23.48 23.25 23.30 23.05 |22.7101
@, input power W] 56.12 84.71 110.84 | 2547 37.58 |[53.0154
v; air flow warm side (down) m/s| 0.1 0.1 0.1 0.1 0.1 0.1
Ve  air flow cold side (up) m/s| 4.1 4.1 41 4.6 4.6 4.6
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Table 22 prEN 12567-2 - Table C2 - Vertically up heat flow

prEN 12567-2 Roof light and Projecting Windows calibration - Vertical up heat flow
Values resulting from mounting instructions Remarks Thin panel Thick panel
TT206 TT207
Total thickness of the calibration panel mm - 21.016 57.738
Total thickness of the surround panel mm - 149.67 149.67
Surround panel reveal depth - warm side mm - 128.654 40
Surround panel reveal depth - cold side mm - 0.00 51.93
Thermal conductivity of the surround panel W/(m.K) EQ 0.0337 0.0337
Emissivity of the calibration panel 0.88 0.88
Emissivity of the reveal 0.92 0.92
Emissivity of the baffle 0.95 0.95
Weqge fOr A = 0.0334W/(m.K) W/(m.K) Table B.1 - 0.00636
Warm side view factors fopi Table A.1 0.8338 0.944
Topi Table A.1 0.1253 0.0472
fopi equation (A.11) 0.16623 0.056
Topi equation (A.11) 0.16623 0.056
fobi equation (A.12) 0.43733 0.4764
radiant factors Ol pi equation (A.8) 0.7019 0.7910
Olpi equation (A.9) 0.14154 0.04765
Cold side view factors febe Table A.1 1.0000 0.92757
Tope Table A.1 0.0000 0.06070
fope equation (A.11) 0.0000 0.0724
Tope equation (A.11) 0.0000 0.0724
Tove equation (A.12) 0.5000 0.4697
radiant factors Ogpe equation (A.8) 0.8360 0.7777
Ocpe equation (A.9) 0.00000 0.06165




Table 23 prEN 12567-2 - Table C3 - Vertically up heat flow
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prEN 12567-2 Roof light and Projecting Windows calibration - Vertical up heat flow

Data element Remarks Thick panel TT207

Temperature difference air AB, K - 13.3694|19.9985( 28.6583
Temperature difference surface, surround DB oy K - 12.7501]19.0626 | 27.2996
Temperature mean surround Bme,sur °C - 16.92 13.52 9.06

Heat flow rate into the box (01 w - 25.4741(37.5757(53.0154
Heat flow rate through the calibration panel Dy w equation 9 14.2932]21.1381|29.7741
Heat flow rate around perimeter Dedge w equation 10 0.46086(0.68937(0.98789
Power through surround panel (®j, - Oy - Pegge) Dgyr W - 10.72 |15.7482|22.2533
Thermal resistance of the surround panel Rsur (m* Kyw equation 8 4.7140414.79759(4.86222

Optional check with thermal conductivity data
Temperature mean surround

thermal conductivity of surround @ Be sur
Thickness of the holder panel

Thermal resistance of the surround panel

Difference in resistance

eme,sur OC
A WI(M.K)
dsur m

2
Rsur(check) (m 'K)/W

16.92 | 13.52 9.06

0.0343 | 0.0337 | 0.0330
0.14967(0.14967|0.14967
4.35804|4.43709(4.53121
-8.1687 | -8.1249 | -7.3051
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Figure 3 prEN 12567-2 Graphs C1 and C2 - Vertically up heat flow

Figure C3 - EN 12567-2
Thin panel - flush with cold side - Vertical Heat Flow
Convective fraction vs Density of heat flow rate

Surround panel resistance
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Surround panel resistance vs mean temperature
54
5.3
377 y=-0.01863x +5.03657 - __

R2=0.97729

13 15

Surround panel mean temperature (°C)

NPL Report CBTLM 26




Page 36 of 44 NPL Report CBTLM 26

6. CHECK MEASUREMENT CARRIED OUT ON A PYCU WINDOW

A 1.48 m x 1.23 m PVCu window previously measured in the WGHB using the surround
panel number 10, calibrated using the same calibration panels (NPL Report CBTLM 18) was
re-measured in the Rotatable hot box using surround panel Rothold2 and the calibration data
shown in Figure 1. The results can be seen in Table 25, Table 26, Table 27 and Table 28. The
results obtained using the WGHB and surround panel 10 can be seen in Table 29 and Table
30. The results from the two sets of measurements are summarized in Table 31.

To determine the U-value from the measurement data following the procedures specified in
BS 874: Section 3; Part 3.1, a boundary loss correction has to be applied. The value used was
that calculated from the linear thermal transmittance values given in BS EN ISO 12567-
1:2000 Table B2.
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Table 26 Measured data R05 — (Tables D5 and D6 inEN 12567-1)
Table D5 Window Data

frame width W m 70.00

surround panel thickness dsur m 0.14967

area of window » M 1.82708

area of surround panel Agur m* 3.94072

perimeter length L m 5.41234

Table D6 Window measurement results

Cold temperatures
air

baffle

reveal surface
surround panel
Warm temperatures
air

baffle

surround panel

input power

air flow warm side (down)

air flow cold side (up)

°C
°C
°C
°C

°C
°C
°C

m/s
m/s

2.93
3.12
3.33
3.17

23.73
22.36
22.75
79.31
0.1
1.6
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Table 27 Calculated properties R05 (Table D7 in EN 12567-1)
Table D7 Calculation of the thermal transmittance of window R05
Remarks

Temperature mean surround panel Ome.sur
Thermal resistance of the surround panel Reur
Thermal conductivity of surround @ 6 s Asur
Weyqe for w(mm)= 700 Wegge
Temperature difference surface, surround DB o
Temperature difference air AB,
Input power to hot box @n
Power through surround panel Dy
Edge zone heat flow Dedge
Heat flow density through specimen Jsp
Warm side convective fraction Fei
Cold side convective fraction Fee
Total surface resistance Rst
Mean radient temperature warm side 6
Mean radient temperature cold side 6re
Warm side environmental temperature 0,
Cold side environmental temperature Bhe
Environmental temperature difference JAYC N
Environmental temperature mean 6, cal
U-value measured Un
Uncertainty AU,
Standard total surface resistance Rst
Standardized U-value Ug

°C
(Mm% KYwW
W/(m.K)
W/(m.K)

=S ==X X

°C
W/(m?.K)
W/(m?.K)

(M2.K)ywW
W/(m*.K)

12.959
4.7952
0.0336
0.00943
19.575
20.792
79.305
16.087
1.0612
34.0198
0.3931
0.8097
0.1752
22.36
3.14
22.899
2.973
19.926
12.936
1.707
0.15

0.17
1.723

Figure D1 / regression

Table B2

equation 12

equation 10

equation 11

Figure D3 / regression
Figure D3 / regression
Figure D2 / regression
equation A.2

equation A.2

equation 7

equation 7

equation 13

equation 14

EQUATION COEFFICIENTS FROM THE CALIBRATION MEASUREMENTS ON GLAZED CAL PANELS TT206 & TT207

LINKED TO EXCEL WORKBOOK "ROT EN 1256-1 cal Dec 02 - 2nd run.xlIs"

Warm side convective fraction Fei= 0.0006175 X Yeal + 0.372117
Cold side convective fraction Fee= -0.000088 X Yeal + 0.812697
|Tota| surface resistance of cal panel at this q., Rqt= 0.00000 X eal + 0.1 75127|
|Therma| resistance of surround panel Reuwr = -0.0186279 X Ome.sur + 5.036573|
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Table 28 Summary of measurement data for R05 (was TT252) in Rotatable hot box

RO5
uPVvC

4 mm toughened/20/6.4 mm laminated Argon filled units with [-Plus on surface 3

Window dimensions

Height 1.477 m
Width 1.229 m
Thickness 70.0 mm
Percentage of the window area that is frame 292 %

Measured values

Mean warm air temperature 23.73 °C
Mean warm baffle temperature 2236 °C
Mean cold air temperature 293 °C
Mean cold baffle temperature 3.12 °C
Mean cold reveal temperature 333 °C
Power to hot box 79305 W
Air flow rate in the cold box 4.6 m/s
Air flow rate in the hot box <0.2 m/s

Calculated values

Heat flux density through window* 34.020 W/m*K
Warm side convective fraction* 0.393

Cold side convective fraction* 0.810

Warm side environmental temperature™® 2290 °C

Cold side environmental temperature* 297 °C
Environmental temperature difference 1993 °C
Environmental temperature mean 1294 °C
Measured thermal transmittance (U) 1.71  Wm*K
Total surface resistance * 0.175 m>K/W
Thermal transmittance (U) standardised *! 1.72 W/m*K

{*} Values obtained using graphs produced from measurements on the calibration panels.
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Table 30 Summary data for TT252 (Wall Guarded Hot Box — Holder panel 10)

TT252
UPVC Window
4/17.6/6.4 Argon filled units with I-Plus coating

Window dimensions

Height 1.4770 m
Width 1.2292 m
Thickness 70.0 mm
Percentage of the window area that is frame 292 %

Measured values

Mean warm air temperature 2344 °C
Mean warm baffle temperature 22.16 °C
Mean cold air temperature 280 °C
Mean cold baffle temperature 2.86 °C
Mean cold reveal temperature 334 °C
Power to hot box 73.189 W
Air flow rate in the cold box 1.6 m/s
Air flow rate in the hot box <0.2 m/s

Calculated values

Heat flux density through window* 34429 W/m*K
Warm side convective fraction* 0.438

Cold side convective fraction* 0.760

Warm side environmental temperature* 2272 °C

Cold side environmental temperature* 2.83 °C
Environmental temperature difference 19.89 °C
Environmental temperature mean 12.77 °C
Measured thermal transmittance (U) .73 Wm*K
Total surface resistance * 0.178 m>K/W
Thermal transmittance (U) standardised *! 1.75 W/m*K

{*} Values obtained using graphs produced from measurements on the calibration panels.
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Table 31 Comparison of UPVC window U-values measured with the different apparatus

Holder panel | Apparatus Standardised As measured
CEN U-value “BS 874” U-value
W/m> K W/m’ K
Holder 10 WGHB 1.754 1.742
Rothold2 Rotatable Hot Box 1.723 1.672

The difference between the standardised CEN U-values measured in the Rotatable hot box
and the wall guarded hot box, using the procedures specified in BS EN ISO 12567-1:2000 is
1.8%. The difference between the U-values measured in the Rotatable hot box and the wall
guarded hot box, using the procedure specified in BS 874 Section 3; Part 3.1 Annex A is
4.0%.

Note

The basic “BS 874” method is as follows:

1) the power through the holder panel is calculated from the thermal conductivity of the EPS
used to make it, the surface temperature difference across it and its area.

i1) The environmental temperatures are calculated from the air, surface and baffle
temperatures; the surface emissities; the power through the specimen and the area.

ii1) A correction for the heat transfer around the reveal (boundary loss) is also made.

7. CONCLUSIONS

The difference between U-values measured in the WGHB using holder panel 10 and in the
Rotatable Hot Box using holder panel Rothold2, using the procedures specified in

EN 12567-1 was 1.8% and therefore the measured values are well within the measurement
uncertainty of both apparatus. This agreement is only slightly poorer than the measurement
repeatability of the two apparatus.

The equations derived from the calibration measurements made as specified in BS EN ISO
12567-1:2000 and prEN 12567-2 are summarised in Table 32. These will be used to derive
the U-values of windows, doors, roof windows and projecting windows when measured
mounted in the surround panel Rothold2.
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Table 32 Summary of coefficients determined from all measurements

Coefficients for equations derived from measurements carried out with glazed calibration panels
TT206 and TT207, mounted in surround panel Rothold2, in the Rotable Hot Box.

EN 12567-1 - Horizontal heat flow

Cold convective fraction h.. -0.000087 x Jcar + 0.812668243
Warm convective fraction h.; 0.0006175 x Qeca + 0.372117301
Total surface resistance R (mz_K)/W 0 X Jear Tt 0.175146744
Surround panel resistance Ry (mz,K)/W -0.0186279 X Queqwr T 5.036573485
prEN 12567-2 - Horizontal heat flow
Cold convective fraction h.. 0.001064 x Qoar T 0.774444
Warm convective fraction h; 0.000262 x Qeca *+ 0.393419
Total surface resistance R (mz_K)/W 0.000111 x Jeal T 0.166892
Surround panel resistance Ry (mz,K)/W -0.018628 X Quesur T 5.036573
prEN 12567-2 - Vertical up heat flow
Cold convective fraction h.. 0.001095 x Qca + 0.766710
Warm convective fraction h; 0.001274 x Qca + 0.356231
Total surface resistance R (mz,K)/W -0.000100 x Qear 0.175164
Surround panel resistance Ry (mz.K)/W -0.018628 X Gmesur T+ 5.036573
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